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Shear stresses in beams
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On the face BC of the element the hogging bending moment is
M=Fxz

Suppose that the longitudinal stress ¢ at the distance y from the centroidal axis
Cx is the same as that from uniform bending of the element . Then,
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On the face DE of the element the bending moment has increased to M +6 M,
M+ 6M =F.(z+ 6z)

The longitudinal bending stress at a distance y from the neutral axis has
increased correspondingly to :



o+ 60 =

F.(z+ 6z).y

Now consider a depth of the beam contained between the upper extreme

fiber BD, given by y=h/2, and the fiber GH, given by y=y;. The total longitudinal force
on the face BG due to the bending stress 0 is:
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By a similar argument we have that the total force on the face DH due to

bending stresses 0;00 IS :
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Net force = (2) — (1) = T
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Note that T is independent of z. (why)

Answer: This is so because the resultant shearing force F is the same for all cross-

sections, and is equal to F.

The resultant shearing force applied by the variation of T is : Integration all over the

section
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The variation of T over the cross-section of the beam is parabolic (see figure); T attains
. 3F
a maximum value on the neutral axis of the beam, where y; =0, and Tjqx = 2B

Variation of T
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Shear stresses for beams of any cross-section

We have:
M=F.z and let F=V  as a general shear force symbol,
M=V.z
But o = & = 1Z¥
L L

Multiply both sides of the previous equation by dA,

V.z
o0.dA = —f VAA i ii e e v e (5)
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After Oz distance

V.(z+ 6z
f(c + 60)dA = ¥fy dA.ii i e . (6)
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Since the bending moment at this sectionis M + M =V.(z + 62)
~ Net force =

V.6z
Net force = ] fydA ...... comes from  eq.(6) — eq.(5)
X

If y'is the distance of the centoid of the area A from x — axis , then:

Jy dA=AYy
V.6z
Net force = Ay
Ly
net shearing force
shear stress =
area
V.éz —
— Ay V.AY
T = —— =
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Let A.y =Q — Moment of area about centroidal axis
V.Q
T=—
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Problem: The web of a girder of I-section is 45 cm deep and 1cm
thick; the flanges are each 22.5 cm wide by 1.25 cm thick. The girders at



some particular section, has to withstand a total shearing force of 200
KN. Calculate the shearing stresses at the top and middle of the web.
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Solution

The second moment of area of the web about the centroidal axis Is

2(0:010)(0-45)* = 00760 x 10~ ° m*
The second moment of arca of each flange about the centroidal axis is
(O-225)0-0125)0231)% = 0150 x 10> m*
The total second moment of area is then
L = [0076 + 2(0-150)]10"* = 0376 x 10-2 m*

Al a dist: & 3 '
distance y above the neutral axis, the shearing stress from cquation (10.9) s

F -
T = 2[1 [(hh + ih-) - .‘,:]
200 x 10°
2 x 0376 x 10-3 [(0-225)0-4625) + H0-4625)° — 3]
At the top of the web, we have y o= (02
r = 346 MN/m?

While at the middle of the web, where y = 0, we have
t = 523 MN/m? O s

31 m, and




